Abstract. Titanium alloys are widely used in aircraft manufacturing, but the low efficiency is a problem for machining titanium alloy. In this paper, the cutting experiment of TC18 titanium alloy was studied. The cutting parameters and test methods of TC18 titanium alloy were designed. The wear behavior of TC18 titanium alloy was studied based on analysis of orthogonal test results. It provides the basis for cutting parameters setting of TC18 titanium alloy.
Introduction
Titanium and titanium alloy have many outstanding advantages, the characteristics of titanium alloys are as follows.
(1) The density of pure titanium is relatively smaller, and its value is 4.5kg/m3 compared to iron, nickel and copper.
(2) It has a high strength, yield strength of up to 1000MPa, two times that of aluminum, the same as iron and nickel. However, its strength is higher than the former two materials. In addition, the titanium alloy can maintain good strength at the temperature range of 150℃ to 600 ℃, while the aluminum at 150 ℃ and stainless steel at 310℃ are lose their original mechanical properties [1] . (3) Good low temperature performance. Titanium alloys can still maintain their mechanical properties at low temperature and ultra low temperature.
(4) Strong corrosion resistance. The resistance of titanium and its alloys are strong especially. It has excellent corrosion resistance to organic substances such as alkali, chloride and chlorine, nitric acid. In the hydrochloric acid of 20% concentration, the annual corrosion rate of pure titanium at 60 ℃ is 25.6mm. Titanium alloy can work in humid atmosphere and sea water, and its corrosion resistance is much better than that of stainless steel.
(5) Titanium alloy has high chemical activity at high temperature, and has a strong chemical reaction with O, N, H, CO, CO 2 , water vapor and ammonia gas in atmosphere. The chemical affinity of titanium is also large, which makes it easy to adhere to the friction surface [2] . (6) The thermal conductivity and modulus of elasticity are relatively small. The elastic modulus of titanium alloy is about 115GPa, about 1/2 of steel, so it is rigid and easy to deform.
Although titanium alloy has many advantages, however, as a difficult to process material, the main cutting characteristics are as follows.
(1) The notable feature of titanium alloy cutting is its small deformation coefficient. Its coefficient of deformation is less than or equal to 1. The sliding friction on the front face of the chip is great, which accelerates the tool wear.
(2) High cutting temperature. Due to the thermal conductivity of titanium alloy is very small (only the equivalent of 45 steel l/5~1/7), the chip and the rake face of the contact length is very short, cutting heat generated is not easy to spread, concentrated in the smaller range of cutting deformation and cutting edge in the near area. The cutting temperature in this area is very high [3] .
(3) The cutting force is large in unit area. Because the contact length between the chip and the rake surface is very short, the cutting force on the unit contact area increases greatly, which causes the collapse of the blade easily.
(4) Chill phenomenon is serious. Because titanium has a large chemical activity, it is easy to absorb oxygen and nitrogen in the air at a high cutting temperature to form a hard and brittle outer skin. At the same time, the plastic deformation in the cutting process can also cause surface hardening.
(5) Cutting tools wear easily. After stamping, forging, hot rolling blank processing, the formation of uneven skin is hard and brittle, easily causes chipping phenomenon, which has become one of the most difficult removal of crusts in titanium alloy processing process. In addition, because of the chemical affinity of the titanium alloy to the tool material, it is easy to produce adhesive wear when the cutting temperature is high and the cutting force is large on the unit area.
In the actual titanium alloy processing, the titanium alloy cutting processing mainly has the following questions.
First, the processing efficiency is low. In addition to part of the forgings, the titanium alloy structural parts of the aircraft are thin wall frames. In actual processing, a large amount of material must be removed from the bulk. However, titanium alloys are difficult to machine materials, so the material removal efficiency is very low. Generally speaking, the cutting speed of high speed steel tool is more than 30m/min, and the cutting speed of carbide tool is more than 60m/min, which will make the machining process difficult. For the cutting of titanium alloy, when the cutting speed reaches more than 100m/min, it enters the high speed cutting range. At present, the advanced level of milling in foreign countries is in the range of 100m/min-200m/min, and the application level of high speed cutting is higher [4] . Only a few domestic enterprises have carried out local research, which can be close to the high speed cutting range. As far as the overall level of domestic titanium alloy cutting is concerned, it is still relatively low, not more than 60m/min, and there is still a big gap compared with foreign countries. Second, there is lack of effective titanium alloy process database support. Cutting manual is only given a range, in the specific process arrangement and cutting dosage choice. Often rely on experience to determine the process parameters. A commercial process database is needed to support this process. Third, at present, the localization of machine tools, cutting tools and cutting fluid in our country is still relatively low, which restricts the improvement of the milling level of titanium alloy.
In the final analysis, the main reason is that the basic theory and technical specification of high speed cutting of titanium alloy are not perfect, not enough to guide the production practice. Therefore, there is a problem of low efficiency of machining titanium alloy. It is necessary to study the mechanism of high speed cutting, and to improve the cutting technology of titanium alloy. In this paper, the machining experience of titanium alloy is introduced. The research is taking how to improve the machining efficiency of titanium alloy.
Test material and method

Test material.
Work piece material for cutting is TC18 titanium alloy, it belongs to the type of (α+β) titanium alloy. The chemical composition and mechanical properties at room temperature of TC18 titanium alloy are given in Table.1 and Table. 2. The material shape of the work piece in the cutting test is bars, which diameter is 40mm. The cutting experiment is carried out on the three coordinate NC machining centers (CM6140). The cutting tool in used is coated carbide tools with a diameter of 20mm; the number of teeth is 4, which are imports from United States.
Cutting parameter design and analysis method. In order to study the tool wear behavior for cutting TC18 titanium alloy, a single factor test was designed. The processing parameters of the experiment are shown in Table. 3, Table.4 and Table. 5. The durability of cutting tool test is expensive and time-consuming. In order to obtain the correct test results with less test times. In this paper, orthogonal test design method is used to arrange the test and data processing. The orthogonal test of cutting parameters is shown in Table. 6. The results of the cutting test are analyzed by using the visual analysis method, the variance analysis method and the significance test.
TC18 cutting tool wear analysis based on orthogonal experimental
Because larges of experiment results shows that cutting speed is the main factor that affects the wear of TC18 titanium alloy, the single factor experiment of TC18 titanium alloy cutting only designed the influence of different rotational speeds on the tool wear behavior. The rotational speed for cutting TC18 is shown in Table 3 .
The variation curves of tool wear with processing time are shown by Figure. 1. As can be seen from the graph, with the increase of the speed, the tools wear increases sharply. It is said that not feasible to improve the machining efficiency by increasing the rotational speed. This will make the tool wear serious and the cost is increased.
In the orthogonal test of cutting TC18, spindle speed has the greatest influence on tool wear during cutting test. Tool wear is not serious when the spindle speed is not more than 250r/min. tool wear increases sharply when the spindle speed is during 250r/min to 500r/min, and flank wear is very serious. With the increase of feed rate, the tool wear is not monotonically increasing, but there is a minimum value. Figure.2 (a, b) are the tool wear morphology of flank face for cutting TC18 orthogonal test design in 2 different cutting parameters. We can see form Figure.2 (a, b) , the wear morphology of the tool flank face is slightly different under different cutting speed. The distribution of tool flank face wear along the depth of cutting direction is uniform when the cutting speed is during 160r/min (TC18-C-1) to 250r/min (TC18-C-2). When the cutting speed is increased to 500r/min, the wear of the cutter is close to the maximum cutting depth, and the width of the wear band is also fast. 
Summary
In this paper, the tool wear behavior of TC18 titanium alloy high speed cutting is studied. The influence of different process parameters on tool wear in TC18 cutting process is analyzed. The research results provide feasible technical parameters for TC18 cutting, and the process level of TC18 cutting is improved.
